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ABSTRACT

PHYLOGENETIC RELATIONSHIPS OF FOREST SPINY POCKET MICE
(GENUS HETEROMYS) INFERRED FROM MITOCHONDRIAL
AND NUCLEAR MARKERS WITH IMPLICATIONS
FOR SPECIES BOUNDARIES

Malinda W. González
Department of Zoology
Master of Science

I constructed a best estimate phylogeny based on congruence of multiple data sources. In recent
years molecular data has been used both to construct phylogenies of taxonomic groups and to aid
in the delimitation of new species. I generated and analyzed sequence data for forest spiny
pocket mice (Genus Heteromys) for the mitochondrial gene cyt b (1143 bp) and two nuclear gene
segments MYH2 (252 bp) and EN2 (189 bp). I used maximum parsimony and Bayesian
analyses to infer relationships among species and to provide a framework for using a species
delimitation method to investigate the possibility of multiple species within the widespread
Heteromys desmarestianus. I found several well-supported lineages within the H.
iv

desmarestianus complex, including H. goldmani and H. oresterus. Incorporating karyotype and
allozyme data from earlier studies, I found sufficient supporting evidence to justify maintaining
H. goldmani and H. oresterus as species as well as identifying four lineages as candidate species.
I present a revised taxonomic arrangement within the genus; the subgenus Heteromys should be
divided into three species groups: anomalus (H. anomalus and H. australis), gaumeri (H.
gaumeri), and desmarestianus (H. desmarestianus, H. goldmani, H. oresterus, and the four
candidate species).
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INTRODUCTION
Forest spiny pocket mice comprise the genus Heteromys (Family Heteromyidae,
Subfamily Heteromyinae). Species of Heteromys are relatively large, have external fur-lined
cheek pouches, and comparatively stiff, spiny hairs (Reid, 1998). Forest spiny pocket mice are
exclusively Neotropical in distribution, ranging from southern Mexico, southward through
Central America and into Colombia, Venezuela, and Ecuador in South America (Schmidly et al.,
1993).
Heteromys was first described under the name Mus anomalus (= H. anomalus), from the
island of Trinidad (Thompson, 1815). Heteromys desmarestiana (= H. desmarestianus) was
named but not described in 1843, and by 1868 four more Heteromys species were recognized
(Gray). In 1902, three new species were added to the genus, and the subgenus Xylomys was
created (Merriam). In his revision of the subfamily Heteromyinae, Goldman (1911) described
one new species of Heteromys (H. temporalis) and recognized a total of 13 species divided into
two subgenera. The subgenus Xylomys included H. nelsoni and the remaining species were
grouped in the subgenus Heteromys, and arranged into either the anomalus or desmarestianus
species groups (see Table 1 for a complete overview). Except for the description of H. oresterus
(Harris, 1932), there was little systematic treatment of the group for the next several decades. H.
oresterus was placed with H. nelsoni in the subgenus Xylomys based on similar habitats, skull
and teeth characters and comparative softness of pelage (Hall and Kelson, 1959). Hall (1981: p.
597) summarized the current state of affairs by stating that “This species-group [desmarestianus]
presents some perplexing taxonomic problems; the current nomenclatural arrangement is
unsatisfactory and the keys are correspondingly unsatisfactory.”
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Rogers and Schmidly (1982) attempted to clarify relationships among middle American
members of the desmarestianus group using morphology. Their study of external and cranial
features as well as bacular morphology resulted in synonymizing H. longicaudatus and H.
lepturus with H. desmarestianus, and the reassignment of H. temporalis as a subspecies of H.
desmarestianus.
Engstrom et al. (1987) compared standard karyotypes and suggested that H. gaumeri be
removed from the desmarestianus group and placed in a species group of its own. Rogers (1989)
described karyotypes for five species of Heteromys and found that most species in the genus
possessed a diploid number (2n) of 60, with the exceptions of H. gaumeri (2n = 56) and H.
nelsoni (2n = 42; see Table 3). Additionally, Rogers (1989) found extensive variation in the
number of autosomal arms (FN) within H. desmarestianus, suggesting subdivisions that could be
of sufficient magnitude to preclude gene flow. In addition to the seven cytotypes within H.
desmarestianus described by Rogers (1989), Engstrom et al. (1987) and Burton et al. (1987) each
described an additional cytotype of H. desmarestianus. Karyotypic data presented by Rogers
(1989) indicated that H. nelsoni possessed a highly derived chromosomal complement (2n=42,
FN=72) relative to H. oresterus (2n=60, FN=80), with the implication that the latter species
should be removed from the subgenus Xylomys. Mascarello and Rogers (1988) described three
different banded karyotypes from H. oresterus, H. desmarestianus, and Heteromys sp. The
similarities in the karyotypes between these species suggested that the assignment of H.
oresterus to the subgenus Xylomys was not appropriate. Additionally, the difference between H.
desmarestianus and Heteromys sp. was noteworthy, with one form possessing what they
interpreted to be a unique derived form of interstitial heterochromatin. Patton and Rogers (1993)
suggest that FN variation within H. desmarestianus is most likely due to euchromatic structural
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transpositions, such as pericentric inversions or reciprocal translocations, which may be
significant enough to preclude gene flow via meiotic imbalances in heterozygotes.
Allozyme data (Rogers, 1990) indicated that H. desmarestianus was divisible into two
groups in southern Mexico, and that H. goldmani was not strongly differentiated from adjacent
populations of H. desmarestianus . These data also supported the removal of H. oresterus from
the subgenus Xylomys, and Rogers (1990) suggested that it should be placed in the
desmarestianus species group. The removal of H. gaumeri from the desmarestianus group as
suggested by Engstrom et al. (1987) was also supported by allozyme data.
Incorporating biochemical and chromosomal evidence provided by Rogers (1990),
Williams et al. (1993) recognized only six species of Heteromys and did not assign these to
species groups. Patton (1993) did not follow the recommendation of Rogers (1990) to
synonymize H. goldmani with H. desmarestianus and recognized seven species. In addition to
these seven, H. teleus and H. oasicus were recently described by Anderson and Jaarin-V. (2002)
and Anderson (2003), respectively. Heteromys teleus is found in Ecuador as is H. australis
(Anderson and Jaarin-V., 2002). Heteromys oasicus is tentatively proposed to be a sister species
to H. anomalus based on several morphological characters (Anderson, 2003).
Objectives
Although systematic relationships have been constructed based on allozyme, karyotypes
(Rogers, 1990) and morphological characters (Hafner, 1983; Homan, 1978; Rogers, 1982; Wood,
1935), relationships among taxa are still relatively unclear. Moreover, no phylogenetic analysis
has been performed on the genus Heteromys, and there has not been a clear resolution of
relationships among species or lineages within the H. desmarestianus group. To this end, the
objectives of this study are twofold. First, perform phylogenetic analyses based on
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mitochondrial and nuclear DNA sequences from all available specimens to elucidate
relationships within the genus. Second, use methods of species delimitation to test whether
karyotypic races within H. desmarestianus are sufficiently unique to be considered species-level
lineages

4

MATERIALS AND METHODS
Specimens Examined and Genes Sequenced
123 specimens representing seven species of forest spiny pocket mice (Heteromys
anomalus, H. australis, H. desmarestianus, H. gaumeri, H. nelsoni and H. oresterus) were used
in this study. Tissue samples of H. oasicus and H. teleus were not available. Specimens were
collected from natural populations in Belize, Costa Rica, Guatemala, El Salvador, Mexico,
Nicaragua, Panama and Venezuela (Figure 1). Two species of Liomys, the other genus in the
subfamily Heteromyinae, were used as outgroups in all analyses. Complete specimen and
locality information are listed in the Appendix.
DNA Extraction, Amplification and Sequencing
The mitochondrial gene cytochrome b (cyt b), and portions of the nuclear genes myosin
heavy chain 2 (MYH2) and engrailed protein 2 (EN2) were extracted, amplified and sequenced
for this study. Total genomic DNA was extracted from liver tissue either frozen or preserved in
95% ethanol using the Qiagen DNeasyTM Tissue Kit (Cat. No. 69504). Four primers were used
to amplify/sequence the cyt b gene in approximately 800 bp segments: L14724, H15915 (Irwin
et al., 1991), CB3H (GGCAAATAGGAARTATCATTC) and F1 (Whiting et al., 2003). Primers
MVZ-16 (Smith and Patton, 1993), WDRAT 400F (Edwards et al., 2001), H15149 (Irwin et al.,
1991) and Neo700L (Peppers and Bradley, 2000) were used as necessary to amplify/sequence
smaller segments. For EN2 and MYH2, primers were those of Lyons et al. (1997) and were used
both to amplify and sequence the original gene fragments..
DNA amplification was accomplished using the polymerase chain reaction (PCR) (Saiki
et al., 1988). Parameters were as follows. Cyt b -- beginning with 1 cycle of 94°C (3 min);
followed by 36 cycles of 94°C (1 min) denaturing, 46°C annealing (1 min), and 72°C (1 min )
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extension; concluding by 1 cycle of 72°C (3 min). EN2 –1 cycle of 94°C (10 min); followed by
32 cycles of 94°C (1 min) denaturing, 57°C annealing (1 min), and 72°C (1 min) extension.
MYH2 – 1 cycle of 94°C (10 min); followed by 32 cycles of 94°C (1 min) denaturing, 62°C
annealing (1 min), and 72°C (1 min) extension.
Sequencing was done in both directions and sequences were edited manually using
Sequencher ver 4.1.1 (Gene Codes Co., 2000). Negative (no DNA) controls were run with all
amplifications to reveal instances of DNA contamination. PCR products were visualized on an
agarose gel with ethidium bromide. Successfully amplified products were purified with silica gel
using the Gene Clean III Kit or by using a Millipore MultiscreenTM PCR 96-Well Filtration
System (Cat. No. MANU03050). The purified PCR product was cycle sequenced using the
primers described above; the sequenced products were then purified using a Sephadex protocol
or by using Millipore MultiscreenTM Filter Plates for High Throughput Separations (Cat. No.
MAHVN4510). Sequences were collected on an ABI 377 automated sequencer (Applied
Biosystems) and edited and compiled using Sequencher versions 3.1.1 and 4.1.1 (Gene Codes
Co., 2000). Alignments for cyt b and EN2 were unambiguous (no indels) and were aligned using
Se-Al v2.0 (Rambaut, 2002). MYH2 was aligned using ClustalX (Thompson et al., 1997).
Phylogenetic Analyses of cyt b
For all analyses, two species of Liomys (L. irroratus and L. salvini) were used as
outgroups to root the tree (Watrous and Wheeler, 1981). From the total cyt b data set of 123
individuals, COLLAPSE v1.2 (Posada, 2004) identified 75 unique haplotypes, and this data set
of unique haplotypes was used for Maximum Parsimony (MP) and Bayesian analyses of cyt b.
MP analysis of the cyt b haplotype data set, as well the combined data set, was done in PAUP*
v.4.0 (Swofford, 2002) with equal character weighting and TBR branch swapping with random
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addition of taxa and 10,000 replicates. The cyt b data set was then partitioned by codon position
(Ronquist and Huelsenbeck, 2003) and Bayesian analyses implemented using MrBayes 3.0b4
software (Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck, 2003). Appropriate
models of evolution were selected by using a hierarchical likelihood ratio test performed in
Modeltest 3.0 (Posada and Crandall, 1998) and MrModeltest v1.1b (Nylander, 2002). Parameters
were estimated for each position separately (“unlinked”), and another analysis was run linking
the 1st and 3rd codon positions. Four independent analyses of four chains each were run for four
million generations, with one tree saved every 1000 generations. The first 10% (400
trees/400,000 generations) was discarded as burn-in, a conservative approach since graphical
inspection showed that stationarity was achieved much earlier in every case.
Phylogenetic analysis of combined data set
From the MP cyt b haplotype tree, a subset of 46 individuals were selected and sequenced
for the EN2 and MYH2 gene segments, following the hierarchical reduced sampling protocol of
Morando et al. (2003). In all but four instances, the same specimen was sequenced for all 3
genes. In these four instances, another individual from the same cyt b haploclade was used as a
substitute. With the exception of a single individual from Panama (desmarestianus complex
clade X, see Figure 2), all cyt b haploclades were represented in all subsequent analyses.
Sequences for the three genes were then concatenated for the combined analyses. Maximum
aligned sequence lengths were 1143 bp (cyt b), 252 bp (MYH2) and 189 bp (EN2). Congruence
of data sets was assessed using the qualitative method described by Wiens (1998).
For MP analysis, parameters were the same as for the cyt b haplotype data set. Gaps
resulting from insertion/deletion events in MYH2 were treated as a 5th state. For Bayesian
analysis, the same protocol as outlined above for the cyt b haplotype data set was used. Cyt b
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partitions/models remained the same.
Nodal Support
For MP trees, branch support for nodes was estimated using nonparametric bootstrapping
(Felsenstein, 1985) with 1000 bootstrap replicates of 100 random sequence additions.
Additionally, Bremer support indices (Bremer, 1988) and partitioned Bremer supports (Baker
and DeSalle, 1997; Baker et al., 1998) were calculated using TreeRot v2c (Sorenson, 1999).
Partitioned Bremer supports were calculated as a reference to view nodal support relative to each
gene. For Bayesian analyses, the remaining 3601 trees were used to construct 50% majority rule
consensus trees, with values representing posterior probabilities. Posterior probabilities (PP) ≥
0.95 were considered evidence of significant support for a clade (Huelsenbeck and Ronquist,
2001).
Delimiting Species Boundaries
The discovery of species is generally recognized as one of the two stated empirical goals
of systematic biology (Wiley and Mayden, 2000). Numerous species concepts were developed
in the 20th century (see for example Bradley and Baker, 2001; Wheeler, 1999; Wiley and
Mayden, 2000), and while most seemed to allude to the same general idea of what a species is,
they usually proposed different properties as being the essential determinant of a species.
Unfortunately, the majority of species concepts provided no framework with which species
boundaries could actually be tested. Recently, this area of systematics has received much needed
attention (see Sites and Marshall, 2003; 2004), and while the methods may not always agree, at
least progress is being made towards viewing species as testable hypotheses as opposed to a
vague assemblage of characters.
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The WP (Wiens and Penkrot, 2002) DNA tree-based approach of species delimitation
was selected a priori to delimit species in a hypothesis-testing framework. This method uses a
dichotomous key approach in making decisions at the species level and takes advantage of the
more rapid coalescing time of mtDNA. A focal species is selected and examined for exclusivity
(=monophyly), meaning that haplotypes do not interdigitate with other haplotypes. If haplotypes
are recovered as strongly supported basal clades, which are exclusive by locality, the terminal is
considered distinct at the species level. Use of this method can identify species suggested by
well-supported basal lineages concordant with geography that may have been previously
overlooked based on gross morphological comparisons.
We selected H. desmarestianus as our focal species, as karyotypic evidence (Rogers,
1989) suggested a strong possibility of multiple species. The WP method was used to delimit
species at the deepest level of divergence in the tree, and we followed the protocol of Morando et
al. (2003) in defining basal lineages as those that are separated beyond the TCS (Clement et al.,
2000) network connections (of 95% confidence; 14 steps for this data set) among cyt b
haplotypes.
In addition to using the WP approach, we incorporated data from previous studies on
Heteromys in our determination of species delimitation. Uncorrected “p” distances for cyt b
were generated using PAUP* to allow for comparison of relative sequence divergence among
clades. The Kishino-Hasegawa test (Hasegawa and Kishino, 1989; Kishino and Hasegawa,
1989) was implemented in PAUP* in the parsimony framework to statistically test whether
requiring monophyly of the H. desmarestianus clades relative to H. goldmani and H. oresterus
significantly affected tree lengths.
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RESULTS
Phylogenetic Analysis of individual genes
MP analysis of the cyt b haplotypes data set resulted in 444 most-parsimonious trees
(length=1928; consistency index =0.3517; retention index = 0.8237; Fig. 1). Heteromys
anomalus, H. australis, H. gaumeri and H. nelsoni were all recovered as monophyletic clades.
The remaining individuals grouped together in what we refer to as the desmarestianus complex,
comprised of 10 clades (I-X, Figure 2) two of which are currently recognized as H. oresterus and
H. goldmani. In the Bayesian analysis of this data set, both Modeltest and MrModeltest selected
the same models of evolution (TrN+I+G for the 1st and 3rd positions, HKY+G for the 2nd
position). Both linked and unlinked analyses were run, with virtually no change in the resulting
topology. All parameters reported are for the unlinked analysis. First position: base frequencies
were A = 0.2925, C = 0.2495, G = 0.2156, and T = 0.2425; transition rates were (A-G) 6.2868
and (C-T) 16.6864; all transversion rates were 1.0000; the proportion of invariable sites (I) was
0.3440; and a gamma distribution shape parameter (G) was 0.2352. Second position: base
frequencies were A = 0.2051, C = 0.2336, G = 0.1373, and T = 0.4241; transition/transversion
ratio was 2.5706; the proportion of invariable sites (I) was 0; and a gamma distribution shape
parameter (G) was 0.0129. Third position: base frequencies were A = 0.3426, C = 0.3006, G =
0.0319, and T = 0.3249; transition rates were (A-G) 31.2965 and (C-T) 12.4822; all transversion
rates were 1.0000; the proportion of invariable sites (I) was 0.0388; and a gamma distribution
shape parameter (G) was 2.0780. The 50% majority rule consensus Bayesian tree obtained from
all cyt b haplotypes recovered all haplotypes as exclusive by locality with high posterior
probabilities (PP) of support (≥ 0.95). As in the MP analysis, H. anomalus, H. australis, H.
gaumeri and H. nelsoni were recovered as monophyletic clades with high support. The
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remaining clades comprised the desmarestianus complex. Clade membership was the same as in
the MP cyt b topology, though some differences in between clade relationships were present.
Due to low numbers of parsimony informative characters present in the EN2 and MYH2
gene segments, MP analysis was not performed due to computation time required. Bayesian
analyses of these gene segments resulted in less-resolved trees than did analysis of cyt b. The
evolutionary models selected by ModelTest and MrModeltest were HKY+I+G for EN2 and
GTR+G for MYH2. Analyses of EN2 yielded the least resolved tree, which was not surprising
because there were few parsimony informative characters and fewer characters total. The EN2
analysis did, however, recover a clade consisting of an interior desmarestianus complex (clades
II, III, IV and V in Fig. 2). Additionally, desmarestianus complex clade I was recovered as
monophyletic, as was H. gaumeri. EN2 analyses did not recover the genus Heteromys as
monophyletic relative to Liomys, though support for this non-monophyly was not high
(PP=78—82). Bayesian analyses of the longer MYH2 gene segment resulted in more resolved
trees than did EN2. Heteromys was recovered as monophyletic, as were H. nelsoni and the
desmarestianus complex clades IV, VII (H. oresterus) and IX.
Phylogenetic analysis of combined data set
Using the qualitative method of evaluating congruence among data sets as described by
Wiens (1998), topologies of cyt b, MYH2 and EN2 were compared and clades of incongruence
were noted. MYH2 and EN2 topologies were not well resolved, and most nodes in the trees
were comprised of polytomies that did not disagree with nodes resolved in the cyt b topology.
The one incongruence was in the EN2 topology, where a not well-supported clade (PP=0.78) of
H. australis, H. anomalus and Liomys irroratus was recovered.
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MP analysis of the combined data set produced 24 most-parsimonious trees (length =
1717, consistency index = 0.4007, retention index = 0.7308). Bootstrap values were high
(BS=98-100) for all haploclades (Fig. 2). Partitioned Bremer supports indicate that most of the
support for the topology is from the cyt b data set. Four independent Bayesian runs of the
combined data set all yielded the same tree topology (Figure 4) with only slight variation in
posterior probabilities of a few less well-supported clades. There are no major disagreements
between the MP and Bayesian topologies, differences are the result of less resolution (more
polytomies) in the MP analysis. Heteromys anomalus, H. australis, H. gaumeri and H. nelsoni
were recovered as monophyletic groups with high support in the Bayesian combined analyses.
MP analysis recovered a weakly supported clade (BS=51) of anomalus+gaumeri. Heteromys
nelsoni was consistently recovered as the basal taxon. The remaining clades in the topology
comprise the desmarestianus complex, which includes H. goldmani and H. oresterus. Within the
desmarestianus complex, relationships are well supported with high posterior probabilities in the
combined Bayesian analysis, whereas unresolved polytomies and nodes with low bootstrap
support remain in the combined MP analysis. We view the Bayesian analysis of the combined
data set (Figure 4) to be our best working hypothesis, and will use this topology as our tree of
reference.
Inferred Species Boundaries
Heteromys anomalus, H. australis, H. gaumeri and H. nelsoni were recovered as strongly
supported clades in all analyses, thus supporting their species status. Following the dichotomous
key presented in Wiens and Penkrot (2002), we determined that H. desmarestianus is nonexclusive with respect to one or more distinct, exclusive species (H. goldmani and H. oresterus).
Based on criteria of the WP method, the desmarestianus complex has ten distinct haplotype
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groups (clades I-X, Figures 2—4) exclusive by locality, two of which are the presently
recognized species H. goldmani and H. oresterus.
Hypothesis Testing
In order to group H. goldmani with other Mexican Heteromys (clades II—IV), it would
be necessary to include a clade of Costa Rican H. desmarestianus as well as an individual from
Nicaragua (see Figures 2—4). Additionally, constraining the topology to make H. goldmani and
the Mexican clades of H. desmarestianus a monophyletic group as suggested by Rogers (1990)
requires 686 more steps and is statistically inferior by the Kishino-Hasegawa test (p<0.0001).
Different rearrangements of the desmarestianus complex relative to H. goldmani and H.
oresterus all yielded significantly longer trees (p<0.005).
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DISCUSSION
Relationships among species of Heteromys
Heteromys nelsoni was consistently recovered as the basal taxon (Fig. 3). In his phenetic
analysis of allozyme and morphological characters, Rogers (1986) also recovered H. nelsoni as
distinct and basal to all other Heteromys. Based on these concordant results and its unique
karyotype (2n=42; Rogers, 1989) maintaining H. nelsoni in its own subgenus is justified.
An H. anomalus + H. australis clade is the second most basal clade. This arrangement
supports placement of these two species in the anomalus species group as recognized by
Goldman (1911) and Hall (1981), but discordant with the morphological and allozyme results of
Rogers (1986, 1990), which revealed no affinity or similarity between the two clades. Cyt b
sequence divergence is significant between the two groups (“p”=12.0—13.2%), so although
nodal supports in all analyses are high, there is clearly a genetic distinction between the two
species, which could account for the lack of similarity in allozymes and overall morphology. H.
australis is rather restricted in its distribution, known only from low- to middle- elevation
localities in eastern Panama; at higher elevations it is replaced by H. anomalus (Rogers, 1986).
Based on current evidence, we support placement of these two species in the anomalus species
group.
H. gaumeri is recovered as the sister clade to the desmarestianus complex in all analyses,
with strong nodal support. H. gaumeri showed no close relationship with H. desmarestianus in
allozyme or morphological analyses, (Rogers 1986, 1990) and has a unique karyotype (2n=56;
FN=76). Based on allozyme, morphological and chromosomal differences and the results of our
study, we support the recommendation of Engstrom et al. (1987) that H. gaumeri be removed
from the desmarestianus species group and placed in a group of its own.
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Species-level Phylogenetics in the desmarestianus complex
As presently recognized, H. desmarestianus is not an exclusive species. The ten clades
recognized by the WP method and the phylogenetic tree topologies are well supported in all
analyses. Several individuals (indicated by * in Figures 3 and 4) were not recovered with larger
networks in the haplotype analyses, and their relationships with the nearest clade are in some
cases not strongly supported in the phylogenetic analyses. Uncorrected pair-wise genetic
distances between these individuals and the nearest clade are given (Table 2) to give a better
view of amount of genetic divergence. It is possible that increased sampling would provide the
intermediate haplotypes necessary for these to connect at the 95% level with the larger networks.
At present, we include them as members of the nearest clades, with the understanding that these
inclusions may not be completely justified based on haplotype network data.
The tree topology of the desmarestianus complex has a high level of geographic
structure. Clades I, II, III and VI (H. goldmani) are southern Mexican (states of Veracruz,
Oaxaca and Chiapas). Clade IV is Central American (Mexican states of Campeche and Quintana
Roo, Belize, Guatemala, and El Salvador), whereas clades V, VII (H. oresterus) and VIII are
Costa Rican.
Key to sorting out the non-exclusivity of H. desmarestianus is the question of whether H.
goldmani and H. oresterus merit species level designation (see Figure 4). Otherwise, H.
desmarestianus could simply be viewed as a widespread species with a very high level of genetic
diversity. However, even if H. desmarestianus as presently recognized were monophyletic, the
level of genetic divergence within the species would still merit an inquiry into the potential of
multiple species; the most basal clade (IX) has “p”=13.4—16.4% compared to the rest of the
desmarestianus complex. Earlier studies all have suggested one or more subdivisions within H.
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desmarestianus (Rogers, 1986, 1989, 1990), and with the range of H. desmarestianus spanning
nearly 2000 km from Mexico into Panama (Hall, 1981), geographic variation alone would hint at
the possibility of “cryptic” species. As H. goldmani is nested more internally than H. oresterus,
we will address this entity first. Rogers and Schmidly (1982) noted that compared to H. d.
desmarestianus, H. goldmani was darker and lacked a pronounced sprinkling of ochraceous
hairs, with several larger cranial features and a smaller, more rounded baculum. Rogers (1986)
included more samples of H. desmarestianus and found that while H. goldmani averaged larger
than H. desmarestianus in many cranial features, it fell within the range of morphological
variation of H. desmarestianus of southern Mexico. Rogers (1990) found that H. goldmani was
not significantly different from the adjacent populations of H. desmarestianus, but did have fixed
differences relative to H. desmarestianus at two loci (superoxide dismutase and peptidase B1).
In our analyses, H. goldmani is consistently recovered as a distinct clade, separate from nearby
H. desmarestianus of Mexico. The K-H test (p<0.0001) provides additional support for the
species status of H. goldmani, as constraining it to be monophyletic with adjacent Mexican
populations of H. desmarestianus significantly increases the length of the tree. In addition, H.
goldmani is genetically divergent from clades II—V (the internal desmarestianus clades) ranging
from 8.0—9.2%. In consideration of the above evidence, we recommend that H. goldmani retain
its species status, and that it remain in the desmarestianus species group within the subgenus
Heteromys.
Heteromys oresterus (San José and Cartago provinces, Costa Rica; clade VII)
consistently groups with two individuals (previously called H. desmarestianus and H. sp) from
nearby provinces Guanacaste and Puntarenas (Figure 4 localities 40 and 41), although this
grouping was not recovered in the 95% haplotype network. Within H. oresterus, sequence

16

divergence is low (“p”=0.087—0.35%), but these individuals are still fairly similar to H.
oresterus (6.6% and 6.8—6.9% respectively) and the grouping has strong support in the
phylogenetic analyses (PP=1.0; BS=92). The same individual of H. desmarestianus (Guanacaste
Province) grouped with H. oresterus in Rogers (1986) phenetic analysis of allozyme and
morphologic data. H. oresterus (FN=80) differs from an individual in clade V (FN=86, 80) by a
number of chromosomal rearrangements known to cause meiotic problems (Mascarello and
Rogers, 1988). Williams (1993) stated that H. oresterus could be distinguished from H.
desmarestianus by its larger body size, soft pelage rather than stiff spines or bristles, and overall
greater dimensions of the skull. Additionally, the habitat of H. oresterus is cloud forest, so it is
also different ecologically. Based on the phylogenetic analyses, karyotypic differences,
concordance with geography and unique morphological traits, we recommend these two
individuals be considered H. oresterus, and that H. oresterus be maintained as a full species.
Another Costa Rican clade of H. desmarestianus (clade VIII) is recovered as sister clade
to H. oresterus (PP=0.99, BS=72). Clade VIII is comprised of specimens from the Caribbean
coastal province of Limón, as well as one from the inland province Alajuela. This clade has
FN=86, while the sister clade H. oresterus (VII) has FN=80. FN = 86 is known also from the
province of Guanacaste (Locality 30, Clade V), but since no chromosomal banding data is
available for comparison, it is not known whether the two karyotypes are similar. The genetic
difference between clades VIII and V ranges from 11.1—11.9%. H. oresterus and clade VIII
differ genetically by 10.0—10.3%. We consider this clade to be candidate species A.
External to these clades on the topology, MP analyses (Figures 2 and 3) as well as the
Bayesian cyt b analysis (not shown) give an unresolved polytomy with three additional clades (I,
IX and X; only I and IX are shown on the combined trees), though the relationship of clades I
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and IX are resolved with moderate support in the Bayesian combined analysis (PP= 0.87). Clade
I is exclusively Mexican (Oaxaca and Veracruz). Clade I has FN=82, and this cytotype is
unique. This clade is highly divergent genetically (“p”=11.6—15.8%) from all other Heteromys.
We consider this clade to be candidate species B.
According to the combined Bayesian analysis, clade IX is basal to the desmarestianus
complex. With the exception of the single individual in clade X, this is the southernmost clade
of the desmarestianus complex included in our study. The Costa Rican individuals in this clade
were labeled Heteromys sp by Mascarello and Rogers (1988) based on karyotype and
chromosomal banding data because of several notable differences from both H. desmarestianus
(Tilaran, clade V) and H. oresterus (clade VII), and it was suspected then that they could
represent an undescribed species. This clade formed two distinct haplotype networks, and cyt b
divergence between the two subclades is 8.7%) so within this clade there is a high degree of
divergence, even though the clade is well supported in all analyses (PP=1.0, BS=100).
Compared to all other Heteromys, cyt b divergence is 12.8—17.0%. Additionally, both localities
included in this clade are lowland Pacific. We consider this clade to be candidate species C.
Clade X is comprised of a single individual from Cana, Panama (Figure 2). Though
collected at a locality proximal to H. australis, this individual is highly divergent from all other
Heteromys (“p”=10.9—15.8%). Unfortunately, this animal was not included in the combined
analyses due to difficulty in obtaining nuclear sequence. Allozyme data is available for this
individual, recognized previously as H. anomalus, and it has fixed allelic differences at two loci
(glutamic-oxaloacetic transaminase 1 and manose phosphate isomerase; Rogers, 1990). We
consider this clade to be candidate species D.
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Within the interior of the desmarestianus complex (see Figures 2—4), there are two
reciprocally monophyletic groups. The first group (clades II—IV) is found in Mexico, Belize, El
Salvador and Guatemala and has low FN values (66—72). The second group (clade V) is mostly
Costa Rican with a single individual from Nicaragua and has high FN values (80, 86). All clades
formed independent haplotype networks at the 95% confidence level. Despite obvious
chromosomal and geographic distinctions, the average cyt b divergence within the entire group is
relatively low (“p”=4.9—6.3%). As our study included only a single sample of H.
desmarestianus from the regions between the two clades (Nicaragua, clade V), it is possible that
more sampling within Nicaragua and Honduras could provide the haplotypes necessary to
connect the two groups.

19

CONCLUSIONS
Recognizing lineages for candidate species status has been greatly aided by the advance
of DNA sequencing tools, as it is now possible to find divisions within species that have been
overlooked based on gross morphological comparison. However, this tool is a two-edged sword
inasmuch DNA sequences can sometimes make it so easy to distinguish between populations
that some may feel justified in declaring every unique haplotype a species (see Crandall et al.,
2000 for references). We feel we have taken a conservative approach in suggesting candidate
species by following a protocol of tree-based species delimitation, and seeking concordance with
evidence provided by earlier non-phylogenetic studies on Heteromys. Although genetic data is a
powerful tool, it is essential to ensure that species designations retain “real-world” value, and this
requires incorporating much support as possible.
Our recommendations for Heteromys taxonomy are summarized below and in Table 4.
The subgenera Xylomys and Heteromys should be maintained, and the former should remain
monotypic (H. nelsoni). The subgenus Heteromys should be divided into three species groups:
anomalus (H. anomalus and H. australis), gaumeri (H. gaumeri), and desmarestianus (H.
desmarestianus, H. goldmani, H. oresterus, and candidate species A, B, C and D).
Unfortunately, names for candidate species cannot be suggested at this time, although
many names are available either in synonymy or as subspecies of H. desmarestianus. Genetic
analysis of skin clippings from individuals, as this technology improves, collected from type
specimens of the different subspecies may yield more insight into the appropriateness of names
for these candidate species. Lacking this, or in combination, a thorough morphological analysis
could also yield the necessary supporting data.

20

LITERATURE CITED
Anderson, R. P. 2003. Taxonomy, distribution and natural history of the genus Heteromys
(Rodentia: Heteromyidae) in Western Venezuela, with the description of a dwarf species
from the Peninsula de Paraguana. Pages 43 in American Museum Novitates, New York,
NY.
Anderson, R. P., and P. Jarrin-V. 2002. A new species of spiny pocket mouse (Heteromyidae:
Heteromys) endemic to western Ecuador. Pages 26 in American Museum Novitates, New
York, NY.
Baker, R. H., and R. DeSalle. 1997. Multiple sources of character information and the phylogeny
of Hawaiian Drosophilids. Systematic Biology 46:654-673.
Baker, R. H., X. B. Yu, and R. DeSalle. 1998. Assessing the relative contribution of molecular
and morphological characters in simultaneous analysis trees. Molecular Phylogenetics
and Evolution 9:427-436.
Bradley, R. D., and R. J. Baker. 2001. A test of the genetic species concept: Cytochrome-b
sequences and mammals. Journal of Mammalogy 82:960-973.
Bremer, K. 1988. The limits of amino acid sequence data in angiosperm phylogenetic
reconstruction. Evolution 42:795-803.
Burton, D. W., J. W. Bickham, H. H. Genoways, and T. J. McCarthy. 1987. Karyotypic analysis
of five rodents and a marsupial from Belize, Central America. Annals of Carnegie
Museum 56:103-112.
Clement, M., D. Posada, and K. Crandall. 2000. TCS: a computer program to estimate gene
genealogies. Molecular Ecology 9:1657-1660.

21

Edwards, C. W., C. F. Fulhorst, and R. D. Bradley. 2001. Molecular phylogenetics of the
Neotoma albigula species group: Further evidence of a paraphyletic assemblage. Journal
of Mammalogy 82:267-279.
Engstrom, M. D., H. H. Genoways, and P. K. Tucker. 1987. Morphological variation, karology,
and systematic relationships of Heteromys gaumeri (Rodentia: Heteromyidae). Pages
289-303 in Studies in Neotropical mammalogy: essays in honor of Philip Hershkovitz.
Fieldiana: Zoology, new series (B. D. Patterson, and R. M. Timm, eds.).
Felsenstein, J. 1985. Confidence limits on phylogenies: an approach using the bootstrap.
Evolution 39:783-791.
Goldman, E. A. 1911. Revision of the spiny pocket mice (genera Heteromys and Liomys). North
American Fauna 34:1-70.
Gray, J. E. 1868. synopsis of the Species of Saccomyinae, or Pouched Mice. Collection of the
British Museum.
Hafner, J. C., and M. S. Hafner. 1983. Evolutionary relationships of heteromyid rodents. Great
Basin Naturalist 7:3-29.
Hall, E. R. 1981. The mammals of North America. John WIley & Sons, New York.
Hall, E. R., and K. R. Kelson. 1959. The Mammals of North America. The Ronald Press
Company, New York.
Harris, W. P., Jr. 1932. Four new mammals from Costa Rica. Occasional Papers of the Museum
of Zoology, University of Michigan 248:1-6.
Hasegawa, M., and H. Kishino. 1989. Confidence limits on the maximum-likelihood estimate of
the hominoid tree from mitochondrial-DNA sequences. Evolution 43:672-677.

22

Homan, J. A., and H. H. Genoways. 1978. An analysis of hair structure and its phylogenetic
implications among heteromyid rodents. Journal of Mammalogy 59:740-760.
Huelsenbeck, J. P., and F. Ronquist. 2001. MrBayes: Bayesian inference of phylogeny.
Bioinformatics 17:754-755.
Irwin, D. M., T. D. Kocher, and A. C. Wilson. 1991. Evolution of the cytochrome b gene of
mammals. Journal of Molecular Evolution 32:128-144.
Kishino, H., and M. Hasegawa. 1989. Evaluation of the maximum likelihood estimate of the
evolutionary tree topologies from DNA sequence data, and the branching order in
Hominoidea. Journal of Molecular Evolution 29:170-179.
Lyons, L. A., T. F. Laughlin, N. G. Copeland, N. A. Jenkins, J. E. Womack, and S. J. O'Brien.
1997. Comparative anchor tagged sequences (CATS) for integrative mapping of
mammalian genomes. Nature Genetics 15.
Mascarello, J. T., and D. S. Rogers. 1988. Banded chromosomes of Liomys salvini, Heteromys
oresterus, and H. desmarestianus. Journal of Mammalogy 69:126-130.
Merriam, C. H. 1902. Twenty new pocket mice (Heteromys and Liomys) from Mexico.
Proceedings of the Biological Society of Washington 15:41:50.
Morando, M., L. J. Avila, and J. W. Sites. 2003. Sampling strategies for delimiting species:
Genes, individuals, and populations in the Liolaemus elongatus-kriegi complex
(Squamata : Liolaemidae) in Andean-Patagonian South America. Systematic Biology
52:159-185.
Nylander, J. A. A. 2002. MrModeltest-version 1.1b.

23

Patton, J. L. 1993. Family Heteromyidae. Pages 477-482 in Mammal Species of the World: a
taxonomic and geographic reference (D. E. Wilson, and D. M. Reeder, eds.). Smithsonian
Institution Press.
Patton, J. L., and D. S. Rogers. 1993. Cytogenetics. Pages 236--258 in Biology of the
Heteromyidae (H. H. a. J. H. B. Genoways, ed.) The American Society of Mammalogists.
Peppers, L. L., and R. D. Bradley. 2000. Cryptic species in Sigmodon hispidus: Evidence from
DNA sequences. Journal of Mammalogy 81:332-343.
Posada, D. 2004. COLLAPSE v1.2.
Posada, D., and K. A. Crandall. 1998. Modeltest: testing the model of DNA substitution.
Bioinformatics 14:817-818.
Rambaut, A. 2002. Se-Al sequence alignment editor v2.0.
Reid, F. A. 1998. A Field Guide to the Mammals of Central America and Southeast Mexico.
Oxford University Press.
Rogers, D. S. 1986. Evolutionary relationships within the family Heteromyinae (genera
Heteromys and Liomys). Ph.D. dissert. Pages 256 University of California, Berkeley.
Rogers, D. S. 1989. Evolutionary implications of chromosomal variation among spiny pocket
mice, genus Heteromys (Order Rodentia). The Southwestern Naturalist 34:85-100.
Rogers, D. S. 1990. Genic evolution, historical biogeography, and systematic relationships
among spiny pocket mice (subfamily Heteromyinae). Journal of Mammalogy 71:668-685.
Rogers, D. S., and D. J. Schmidly. 1982. Systematics of spiny pocket mice (Genus Heteromys)
of the Desmarestianus species group from Mexico and northern Central America. Journal
of Mammalogy 63:375-386.

24

Rogers, D. S., and D. J. Schmidly. 1982. Systematics of spiny pocket mice (Genus Heteromys)
of the desmarestianus species group from Mexico and northern Central America. Journal
of Mammalogy 63:375-386.
Ronquist, F., and J. P. Huelsenbeck. 2003. MrBAYES 3: Bayesian phylogenetic inference under
mixed models. Bioinformatics 19:1572-1574.
Saiki, R. K., D. H. Gelfand, S. Stoffel, S. J. Scharf, R. Higuchi, G. T. Horn, K. B. Mullis, and H.
A. Erlich. 1988. Primer-directed enzymatic amplification of DNA with thermostable
DNA polymerase. Science 239:487-91.
Schmidly, D. J., K. T. Wilkins, and J. N. Derr. 1993. Biogeography. Pages 319-356 in Biology of
the Heteromyidae (H. H. Genoways, and J. H. Brown, eds.). American Society of
Mammalogists.
Sites, J. W., Jr., and J. C. Marshall. 2003. Delimiting species: a renaissance issue in systematic
biology. TRENDS in Ecology and Evolution 18:462-470.
Sites, J. W., and J. C. Marshall. 2004. Operational Criteria for Delimiting Species. Annual
Review of Ecology and Evolutionary Systematics 35:199-227.
Smith, M. F., and J. L. Patton. 1993. The diversification of South American muroid rodents:
evidence from mitochondrial DNA sequence data for the akodontine tribe. Biological
Journal of the Linnean Society 50:149-177.
Sorenson, M. D. 1999. TreeRot, version 2.
Swofford, D. L. 2002. PAUP*, Phylogenetic Analysis Using Parsimony (*and Other Methods),
version 4.0.

25

Thompson, J. D., T. J. Gibson, F. Plewniak, F. Jeanmougin, and D. G. Higgins. 1997. The
CLUSTAL_X windows interface: Flexible strategies for multiple sequence alignment
aided by quality analysis tools. Nucleic Acids Research 25:4876-4882.
Thompson, J. W. 1815. Description of a new species of the genus Mus, belonging to the section
of pouched rats. Transactions of the Linnean Society, London 11:161-163.
Watrous, L. E., and Q. D. Wheeler. 1981. The outgroup comparison method of character
analysis. Systematic Zoology 30:1-11.
Wheeler, Q. D. 1999. Why the phylogenetic species concept? Elementary. Journal of
Nematology 31:134-141.
Whiting, A. S., A. M. Bauer, and J. W. Sites, Jr. 2003. Phylogenetic relationships and limb loss
in sub-Saharan African scincine lizards (Squamata: Scincidae). Molecular Phylogenetics
and Evolution 29:583-598.
Wiens, J. J. 1998. Combining data sets with different phylogenetic histories. Systematic Biology
47:568-581.
Wiens, J. J., and T. A. Penkrot. 2002. Delimiting species using DNA and morphological
variation and discordant species limits in spiny lizards (Sceloporus). Systematic Biology
51:69-91.
Wiley, E. O., and R. Mayden. 2000. The evolutionary species concept in Species Concepts and
Phylogenetic Theory: A Debate (Q. D. Wheeler, and R. Meier, eds.). Columbia
University Press.
Williams, D. F., H. H. Genoways, and J. Braun. 1993. Taxonomy. Pages 38-196 in Biology of
the Heteromyidae (H. H. Genoways, and J. Braun, eds.). American Society of
Mammalogists.

26

Wood, A. E. 1935. Evolution and relationships of the heteromyid rodents with new forms from
the Tertiary of western North America. Annals of Carnegie Museum 24:73-262.

27

TABLES
Table 1. Different opinions on the taxonomy of the genus Heteromys
Goldman (1911)
Genus Heteromys
Subgenus Heteromys
H. anomalus group:
H. anomalus
H. jesupi
H. australis
H. bicolor
—
H. desmarestianus group:
H. desmarestianus
H. longicaudatus
H. goldmani
H. lepturus
H. temporalis
H. repens
H. fuscatus
H. gaumeri
—
Subgenus Xylomys
H. nelsoni
—

Hall (1981)
Genus Heteromys
Subgenus Heteromys
H. anomalus group:
H. anomalus
—
H. australis
—
H. nigricaudatus 1
H. desmarestianus group:
H. desmarestianus
H. longicaudatus 2
H. goldmani
H. lepturus 2
H. temporalis 2
—
—
H. gaumeri
—
Subgenus Xylomys
H. nelsoni
H. oresterus

Williams et al. (1993)
Genus Heteromys
Subgenus Heteromys
—
H. anomalus
—
H. australis
—
—
—
H. desmarestianus
—
—
—
—
—
—
H. gaumeri
H. oresterus
Subgenus Xylomys
H. nelsoni
(in subgenus Heteromys )

Patton (1993)
Genus Heteromys
Subgenus Heteromys
—
H. anomalus
—
H. australis
—
—
—
H. desmarestianus
—
H. goldmani
—
—
—
—
H. gaumeri
H. oresterus
Subgenus Xylomys
H. nelsoni
(in subgenus Heteromys )

“—“ Indicates that the taxon/group is not recognized by this author. “1” Synonymized with H. lepturus (Goodwin 1969); “2” Synonymized with
H. desmarestianus (Rogers 1982)
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Table 2. Uncorrected pair-wise genetic distance (“p”) averages for cyt b between species/clades
of Heteromys examined in the study. Clades are the same as those depicted in Figures 1—3.
Numbers comparing a species/clade to itself are within-group average pair-wise distances.
Taxon/Clade

1

2

1. H. anomalus

0.0479

2. H. australis

0.1261 0.0047

3

4

5

6

7

8

9

10

11

12

13

14

desmarestianus complex
3. Clade I

0.1568 0.1521 0.0048

4. Clade II

0.1468 0.1610 0.1213 0.0220

5. Clade III

0.1488 0.1571 0.1271 0.0425 0.0112

6. Clade IV

0.1459 0.1567 0.1214 0.0442 0.0475 0.0086

7. Clade V

0.1457 0.1592 0.1258 0.0519 0.0630 0.0571 0.0086

8. H. goldmani(VI)

0.1497 0.1526 0.1309 0.0845 0.0898 0.0861 0.0844 0.0857

9. H. oresterus(VII)

0.1388 0.1431 0.1204 0.0983 0.0965 0.0983 0.0948 0.1057 0.0035

10. Clade VIII

0.1530 0.1576 0.1357 0.1168 0.1191 0.1173 0.1139 0.1126 0.1010 0.0009

11. Clade IX

0.1521 0.1639 0.1373 0.1428 0.1421 0.1383 0.1400 0.1341 0.1364 0.1343 0.0630

12. Clade X

0.1451 0.1570 0.1366 0.1122 0.1218 0.1153 0.1173 0.1365 0.1353 0.1448 0.1336

13. H. gaumeri

0.1421 0.1482 0.1518 0.1420 0.1371 0.1429 0.1430 0.1438 0.1464 0.1566 0.1534 0.1419 0.0101

14. H. nelsoni

0.1425 0.1462 0.1512 0.1465 0.1583 0.1485 0.1457 0.1431 0.1551 0.1588 0.1626 0.1522 0.1598 0.0052

Sacatpequez GU 25*
Cartago CR 29*

-

0.0405
0.0380

0.0388
*
indicates individuals that did not join up with the clade at the 95% confidence level in haplotype networks (See
Figures 2 and 3). They are excluded for within clade calculations, but included for between clade calculations.
Puntarenas CR 34*
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Table 3. Known cytotypes for Heteromys. Diploid number of chromosomes (2n) and number of
autosomal arms (FN) given.

Taxon
H. anomalus
H. australis
H. desmarestianus
Motzorongo MX
Ojo de Agua MX
Vista Hermosa MX
Berriozabal MX
Palenque MX
Rayon MX
Belize
Tilaran CR
Turrialba CR
Limon CR
Ciudad Nielly CR
H. gaumeri
H. goldmani
H. oresterus
H. nelsoni

Clade

2n
60
?

FN
68
?

I
I
II
II
III
III
IV
V
V
VIII
IX

60
60
60
60
60
60
60
60
60
60
60
56
60
60
42

82
82
72
67
66
67
72
86
80
86
90
76
78
80
72

(VI)
(VII)
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Table 4. Summary of evidence for H. desmarestianus complex
Proposed
Subgenus Heteromys
desmarestianus group
H. desmarestianus

Morphologically
diagnosable

Cyt b
uncorrected
"p"*

?

Karyotype
2N=60

H. goldmani
H. oresterus
Candidate species A

Y
Y
?

8.0-15.5%
9.3-15.6%
10.0-16.1%

fn=66,67,
72,80,86
fn=78
fn=80
fn=86

Candidate Species B
Candidate Species C
Candidate Species D

?
?
?

11.8-16.1%
12.8-16.7%
10.9-15..8%

fn=82
fn=90
?

Habitat

Other evidence

low-moderate elevation
moderate elevation
Fixed differences
high elevation (cloud forest) Banding data
low-moderate elevation
(Atlantic CR)
low elevation (Atlantic MX)
low elevation (Pacific)
low elevation (cloud forest) Fixed differences

*
compared to all other Heteromys

31

FIGURES

Figure 1. Map showing collecting localities. Letters indicate candidate species. All ungrouped numbers are H. desmarestianus.
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Figure 2. Molecular phylogeny for Heteromys based on Bayesian analysis for the cyt b
haplotypes. Numbers above lines are posterior probabilities. Abbreviated locality information as
well as population number is given for each terminal (see Appendix).
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Figure 3. Molecular phylogeny for Heteromys based on MP analysis for all 3 genes. Numbers at
nodes above lines are bootstrap values >50% (based on 1000 replicates). Numbers below lines
are partitioned Bremer support indices (cyt b/MYH2/EN2). Abbreviated locality information as
well as population number is given for each terminal (see Appendix). Candidate species are
marked with letters A, B and C (D was not included in combined analysis, see text).
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Figure 4. Molecular phylogeny for Heteromys based on Bayesian analysis for the combined cyt
b, MYH2 and EN2 genes regions. Numbers above lines are posterior probabilities. Bold lines
indicate PP>0.95. Abbreviated locality information as well as population number is given for
each terminal (see Appendix). Candidate species are marked with letters A, B and C (D was not
included in combined analysis, see text).
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APPENDIX
List of Heteromys included in this study with population number, current name/clade #, collecting location, number of individuals and
museum voucher numbers. Museum abbreviation are as follows:: ASNHC = Angelo State Natural History Collections; BYU =
Brigham Young University; LSUMZ = Louisiana State University Museum of Zoology; MVZ = Museum of Vertebrate Zoology;
ROM = Royal Ontario Museum; Geographic abbreviations are: BE = Belize; CR = Costa Rica; ES = El Salvador; GU = Guatemala;
MX = México; NI = Nicaragua; PA = Panama; VE = Venezuela.
Population Collector No.
1

2

3
4
5
6a
6b

Name

AK3411,
H. anomalus
AK3436,
AK3437,
AK3449
AK3468,
H. anomalus
AK3472,
AK3482,
AK3483
F38215, F38216 H. australis

Locality

#
Museum Voucher No.
Sequences
40 km NE Caripito, 250 m, ANDRES ELOY BLANCO;
4
CMNH 78166, 78167, 78168, 78169

VE: Miranda

25 km N Altagracia de Oricuto, 500m, Acevedo

4

CMNH 78170, n/a, n/a, 78172

PN: Darien

Cerro Pirre, Parque Nacional Darien

2

104356, 104357

H. australis
H. desmarestianus
H. desmarestianus
H. desmarestianus

I
I
I

PN: Darien
MX: Oaxaca
MX: Veracruz
MX: Veracruz

Ca. 7 km NW Cana, E slope Cerro Pirrei
23 mi SSW Tuxtepec
Ojo de Aqua
Ojo de Agua

1
1
1
2

LSUMZ 25452
n/a
n/a
BYU 16042-16043

H. desmarestianus
H. desmarestianus

I
I

MX: Veracruz
MX: Veracruz

Ojo de Aqua
Motzorongo

1
2

n/a

H. desmarestianus
H. desmarestianus
H. desmarestianus

I
II
II

MX: Veracruz
MX: Oaxaca
MX: Oaxaca

Near Los Tuxtlas
Vista Hermosa
Vista Hermosa, 1000m, Distrito Ixtlan

1
1
2

-99
n/a
MVZ 161229--161230

II

MX: Chiapas

12 km N Berriozabel

3

MDE 5003, No ASNHC # given

III

MX: Chiapas

12.5 km S of Palenque

2

96096, 96105

11b

LAF 1689,
H. desmarestianus
ASK660,
ASK689
FN29887,
H. desmarestianus
FN29896
ASK29, ASK31 H. desmarestianus

III

MX: Chiapas

1.2 km E Ruinas de Palenque

2

ASNHC 1440-1441

11c

ASK49

H. desmarestianus

III

MX: Chiapas

9.0 km S of Palenque

1

No ASNHC # given

11d
12a
12b

ASK51
FN33018
ASK589,
ASK591

H. desmarestianus
H. desmarestianus
H. desmarestianus

III
III
III

MX: Chiapas
MX: Chiapas
MX: Chiapas

6.6 km S of Palenque;
6 km E of Rayon
9 km SE Rayon;

1
1
2

ASNHC 1426
97542
No ASNHC # given

6c
7
8
9a
9b
10
11a

MJH1187
AK 3110
AK3098
EA 823, EA
836
MDE1010
AK3099
AK3100
HD1
AK3108
DSR1685-1686

Clade (If Country:
Applicable) State/Province
VE: Sucre
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16
17

FN29880
H. desmarestianus
FN30853-30854 H. desmarestianus

IV
IV

MX: Campeche
MX: Campeche

25 KM N of Xpujil
10 km N of El Refugio

1
2

96089
97050, 97051

18

FN30995-30996 H. desmarestianus

IV

1 km N of Noh-Bec

2

97520, 97521

19a

H. desmarestianus

IV

7.7 WNW Quam Bank, Cockscomb Basin;

2

CMNH 91960, 91951

19b

AK7664,
AK7665
AK7688

H. desmarestianus

IV

6.8 KM WNW Quam Bank, Cockscomb Basin;

1

CMNH 91980

19c

AK7663

H. desmarestianus

IV

3.4 km WNW Quam Bank, Cockscomb Basin;

1

CMNH 91988

20a

AK7540

H. desmarestianus

IV

MX: Quintana
Roo
BE: Stann Creek
Dist
BE: Stann Creek
Dist
BE: Stann Creek
Dist
BE: Toledo Dist

1

CMNH 91991

20b

AK7555

H. desmarestianus

IV

BE: Toledo Dist

1

CMNH 91989

20c

AK7586
H. desmarestianus
AK7588,
AK7589
FN31394,
H. desmarestianus
FN31395,
FN31402
FN31842-31843 H. desmarestianus

IV

BE: Toledo Dist

1.0 km NNE Salamanca, Forestry Camp, Columbia
Forest Reserve
2.4 km NNW Salamanca, Forestry Camp, Columbia
Forest Reserve
2.1 km NNE Salamanca, Forestry Camp, Columbia
Forest Reserve

3

CMNH 91994, 91993, 91995

IV

GU: Baja
Verapaz

5 km E of Purulha

3

98405, 98406, -99

IV

GU: El Peten

Tikal

2

99292, 99293

H. desmarestianus

IV

GU: El Peten

Biotope Cerro Cahui, El Remate

2

99603, 99604

H. desmarestianus

IV

GU: El Peten

2

99469, 99504

H. desmarestianus

IV

2

98266, 98265

H. desmarestianus

IV

GU:
Sacatepequez
ES: Santa Ana

Campo los Guacamayos, Biotopo Laguna del Tigre, 40
km N
5 km W of San Miguel Duenas

26

FN32272,
FN32273
FN32318,
FN32353
FN31252,
FN31254
F35547, F35567

Parque Nacional Montecristo, Bosque Nebuloso

2

101369, 101389

27

F48617, F48618 H. desmarestianus

V

CR: Alajuela

2

113310, 113311

28
29

F48640
F48436-48437

H. desmarestianus
H. desmarestianus

V
V

CR: Alajuela
CR: Cartago

10 km N of Sucre, Parque Nacional , Juan Costro
Blanco
Parque Nacional Volcan Poas
Iztaru, Cerros de la Carpintera;

1
2

113332
113130, 113131

30

FAR111,
H. desmarestianus
FAR112
DSR2153-2154, H desmarestianus
DSR2166,
DSR2167,
DSR2246

V

CR: Cartago

Catie, 4 km SE of Turrialba by road;

2

97324, 97325

V

CR: Cartago

Rio Reventazon, 5.6 km SE (by road), Turrialba, 450 m;

5

32

F48551, F48552 H. desmarestianus

V

CR: Guanacaste

Volcan Santa Maria;

2

113244, 113245

33a

DSR2121,
DSR2122,
DSR2145

V

CR: Guanacaste

5.0 km NE (by road) Tilaran, 675m;

3

MVZ 164839, MVZ 164840, MVZ
164842

21
22
23
24
25

31

H. desmarestianus
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33b

DSR2123-2125, H. desmarestianus
DSR2134,
DSR2138,
DSR2141,
DSR2143

V

CR: Guanacaste

4.1 km NE (by road) Tilaran, 650m;

7

MVZ 164828--164833, MVZ 164835

34
35

M-1833
EA 21-22

H. desmarestianus
H. desmarestianus

V
V

CR: Puntarenas
CR: San Jose

1km N, 5 km W Palmar Norte
Bajo de Iglesia, SW Vocan Irazu, Cascajal de Coronado

1
2

LSUMZ M-1833
BYU 15197--15198

36

EA 78-79

H. desmarestianus

V

CR: San Jose

1

BYU 15195--15196

37
38

F48170
AK3150

H. desmarestianus
H. goldmani

San Jose (Parque Nacilnal Braulio Carillo, Moravia
Cerro Honduras)
Esteli
15.5 mi SE by road, alt 150 feet Mapastepec

1
1

112284
CMNH 79529
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LAF1773,
LAF1774,
LAF1790
RDM102753

H. goldmani

El Triunfo; Finca Prusia, 10 km SSE

3

LJB3108, LJB3109, MDE5049

H. oresterus CR: Cartago
(VII)
H. oresterus CR: San Jose
(VII)

Villa Mills, 3 km by road Pan American Highway, Catie

1

102753

2.2 km (by road) La Trinidad de Dota, 2600 m;

3

MVZ 164861, MVZ 164862, MVZ
165786

CR: San Jose

Cerro la Muerte, San Gerardo de Dota;

2

113208, 113229

CR: Guanacaste

Cambell's Woods, Monteverde

1

CR: Puntarenas

Monte Verde Bio. Station

1

113257

CR: Limon

4.6 km W (by road) Limon, 25m

6

MVZ164844--164846, 164849--164851

CR: Alajuela
CR: Puntarenas

7 rd km NE Quesada
1.1 km SE (by road) Ciudad Nielly, 25 m

1
3

LSUMZ M-607
MVZ 164852, MVZ 164854, MVZ
164865

PN: Chiriqui
PN: Darien

Ojo de Agua, 2 km N of Santa Clara
Ca. 7 km NW Cana, E slope Cerro Pirrei
GENBANK
7 km NE Xul-Ha

2
1
1
2

104296, 104297
LSUMZ 25451
ASNHC 7127
ASNHC 7128

7 km N Escarcega

1

ASNHC 7118

40
41

H. oresterus

V
NI: Esteli
H. goldmani MX: Chiapas
(VI)
H. goldmani MX: Chiapas
(VI)

42

DSR2092,
H. oresterus
DSR2107,
DSR2244
F48514, F48535 Heteromys sp.

43

DSR1745

H. desmarestianus

44

F48564

Heteromys sp.

45

H. desmarestianus

H. desmarestianus
Heteromys sp

VIII
IX

H. desmarestianus
H. desmarestianus
H. gaumeri
H. gaumeri

IX
X

50

DSR2150,
DSR2151,
DSR2155,
DSR2165,
DSR2173,
DSR2245
M-607
DSR2193,
DSR2195,
DSR2222
F38147-38148
DJH2427
AJ389536
FN32575-32576

H. oresterus
(VII)
H. oresterus
(VII)
H. oresterus
(VII)
VIII

51

FN 32736

H. gaumeri

46
47
48
49

MX: Quintana
Roo
MX: Campeche
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52

DSR7181,
DSR7187,
DSR7189,
DSR7191,
DSR7212

H. nelsoni

MX: Chiapas

Cerro Mozotal, 15˚ 25, 866' N, 92˚ 20,274' W, 2930 m

5

39

